Background: Ramp lesions are characterized by disruption of the peripheral meniscocapsular attachments of the posterior horn of the medial meniscus. Ramp repair performed at the time of anterior cruciate ligament reconstruction (ACLR) has been shown to improve knee biomechanics.
is useful for differentiating this particular tear morphology from other types of longitudinal posterior horn tears. Despite the long history of recognition of ramp lesions, it is evident that the risk factors for developing this type of injury, the incidence, and the outcomes of treatment remain incompletely defined. This is partly due to the small populations evaluated in previous reports. As a result, the study of ramp lesions continues to be a subject of great interest. 33, 35 The biomechanical importance of these lesions was demonstrated by cadaveric studies that performed posterior meniscocapsular sectioning in the ACL-deficient knee. These studies showed that ramp lesions are associated with increases in anterior tibial translation and external rotation. 1, 29, 43 More important, from the perspective of clinical applicability, these studies also demonstrated restoration of knee biomechanics after meniscocapsular lesion repair. 1, 43 It is therefore considered important to identify these lesions and to repair them when necessary. However, it should be noted that, historically, these injuries were probably underappreciated because preoperative examination 50 and imaging modalities 3, 6, 15, 20, 37 have a low sensitivity for ramp lesions. Furthermore, a substantial number of these lesions may be missed at the time of arthroscopic evaluation, particularly if performed with standard anterior portal viewing only. 40 To minimize the risk of missed diagnoses of ramp lesions, it is imperative to undertake a systematic arthroscopic examination, including that of the posteromedial compartment.
The primary objectives of this study were (1) to evaluate the incidence of ramp lesions in a large series of patients undergoing posteromedial compartment evaluation at the time of ACL reconstruction (ACLR) and (2) to determine the risk factors associated with ramp lesions. The secondary objective was to determine the reoperation rate for failure of ramp repair, defined as subsequent reoperations for partial medial meniscectomy of the repaired posterior horn, at a minimum follow-up of 2 years.
METHODS
Institutional review board approval (COS-RGDS-2018-03-003) was granted for this study, and all patients gave valid consent to participate. A retrospective analysis of prospectively collected data from the SANTI (Scientific Anterior Cruciate Ligament Network International) study group database was conducted. All patients who underwent arthroscopic primary or revision ACLR between September 2012 and March 2018 were considered for study eligibility. Patients were excluded only if they underwent major concomitant surgery (eg, multiligament reconstruction and/or high tibial osteotomy) or had other types of medial meniscal lesions (including root tears, horizontal tears, radial tears, or vertical tears more centrally located than the red-white zone).
Preoperatively, all patients had sustained an ACL tear, diagnosed on the basis of clinical examination and magnetic resonance imaging (MRI). The patients had been unable to resume their previous levels of activity because of instability symptoms and therefore underwent ACLR. The decision to use a particular graft type for ACLR was based on patient factors/choice and the evolving indications for performing a concomitant anterolateral ligament reconstruction (ALLR) during the study period. This decision was made preoperatively and was independent of the status of the medial meniscus.
Surgical Technique
All surgical procedures were performed by a single surgeon (B.S.-C.), with the patient positioned in the standard arthroscopy position, with a lateral support at the level of a padded tourniquet, and with a foot post to allow the knee to be maintained at 90°of flexion when required. Meniscal and chondral lesions were addressed before ACLR.
Posteromedial Compartment Evaluation. All patients underwent systematic arthroscopic exploration of the knee as previously described. 40 To assess the posteromedial compartment, transnotch visualization was performed with the arthroscope placed in the anterolateral portal. Visualization of the posterior horn medial meniscocapsular attachment was optimized by the application of tibial internal rotation (Figure 1 ). 47 With the same methodology as Liu et al, 20 the meniscocapsular attachments and meniscus were evaluated by probing with either a needle or an arthroscopy hook inserted through a posteromedial portal. For the purposes of differentiating from other types of meniscal lesion, a ramp lesion was defined as a medial meniscocapsular tear of the posterior horn of the medial meniscus. The rationale for including only ramp repairs performed through a posteromedial portal was based on reports from several authors indicating that different tear types are associated with different failure rates. 18, 25, 32, 34 Ramp Repair. If a ramp lesion was identified, a shaver was inserted through the posteromedial portal, and both surfaces of the tear were prepared (Figure 2) .
A 25°suture hook (SutureLasso; Arthrex), angled to the left for a right-sided knee and to the right for a left-sided knee, loaded with a No. 0 absorbable monofilament suture (PDS; Ethicon) was then inserted, and between 1 and 3 separate sutures were used to perform a repair. After passage, the sutures were tied with a sliding knot and half hitches. A satisfactory repair was confirmed by evaluation with an arthroscopic probe placed through the anteromedial portal ( Figure 3) . ACLR With or Without Concomitant ALLR. ACLR was performed either as an isolated procedure or in conjunction with ALLR. ACL grafts included quadrupled semitendinosus tendons, 41 bone-patellar tendon-bone, 13 quadrupled hamstring tendons, or in the case of combined ACLanterolateral ligament grafts, a tripled semitendinosus with a single strand of gracilis. 22 In those cases where an ALLR was performed independently of the ACL graft, the ALLR was performed with gracilis autograft. The indications for ALLR evolved during the study period and included a grade III pivot shift, associated Segond fracture, chronic ACL rupture, high levels of sporting activity, participation in pivoting sports (eg, soccer, rugby, handball, basketball), patients 25 years old, preoperative side-toside laxity .6 mm, lateral femoral notch sign on plain radiographs, and patients undergoing revision ACLR.
Rehabilitation. All patients underwent the same postoperative rehabilitation. This comprised immediate brace-free mobilization, weightbearing as tolerated, and a restricted range of motion from 0°to 90°for the first 4 weeks postoperatively. 30 Full extension and quadriceps activation were key elements of the early physiotherapy. Return to sports was allowed gradually, with nonpivoting sports at 4 months, pivoting noncontact sports at 6 months, and pivoting contact sports at 8 to 9 months.
Follow-up. Postoperative evaluation was conducted by a sports physician, independent of the primary surgeon, at 3 and 6 weeks and at 3, 6, 12, and 24 months. Only those patients who had a minimum follow-up of 2 years and underwent ramp repair were included in the analyses of secondary meniscectomy rates. In this subgroup, all patients were contacted at final follow-up by an investigator, independent of the primary surgeon, to determine if they had undergone ipsilateral reoperation for secondary meniscectomy. If further surgery had been undertaken, the operative records were obtained and reviewed. For the purposes of this study, the term ''secondary meniscectomy'' was used to describe failure of ramp repair, defined by a reoperation for partial medial meniscectomy involving the previously repaired posterior horn. Figure 4 presents a flowchart of included patients.
Epidemiological and Risk Factor Analysis of Ramp Lesions
The epidemiology of ramp lesions was characterized by their incidence stratified by key demographic parameters. Potentially important risk factors were evaluated for association with ramp lesions, including sex, body mass index, primary or revision ACLR, age, time between injury and surgery, type of sport (contact vs noncontact), associated lateral meniscal tears, and preoperative side-to-side laxity difference (6 vs .6 mm).
Statistical Analysis
All calculations were made with SAS for Windows (v 9.4; SAS Institute Inc), with the level of statistical significance set at P \ .05. Descriptive data analysis was conducted depending on the nature of the considered criteria. For quantitative data, this included the number of observed values (and missing, if any), mean, SD, median, first and third quartiles, and minimum and maximum. For qualitative data, this included the number of observed values (and missing, if any) and the number and percentage of patients per class. Multivariate logistic regression was performed to identify predictive factors of ramp lesions. The factors considered in the multivariate analysis were selected via a univariate approach, including statistically significant effects at the 20% threshold. Moreover, the incidence of such lesions, stratified by time interval from injury to surgery, was described and graphically displayed. The characteristics of patients with ramp lesions were compared between the groups, defined according to the type of surgery (isolated ACL or ACL 1 extra-articular reconstruction), with the chi-square or Fisher exact test and the Student t test for the qualitative and quantitative data, respectively. The time to secondary meniscectomy was analyzed per the Kaplan-Meier approach and adjusted Cox model.
RESULTS
A total of 3214 patients undergoing ACLR were included in the study. A ramp lesion was identified and repaired in 769 patients (23.9%). Table 1 presents patient characteristics associated with the presence and absence of associated ramp lesions.
Risk Factors for Ramp Lesions
Multivariate analyses were performed to investigate the association of potential risk factors with the occurrence of ramp lesions (Table 2 ). These analyses demonstrate that male sex, age 30 years, revision ACLR, side-to-side laxity difference .6 mm, and the presence of a lateral meniscal tear are all significant risk factors for ramp lesions. Although the incidence of ramp lesions in contact sports (25.7%) was higher than in noncontact sports (20.8%), this was not significant in a multivariate analysis (P = .257).
A significantly higher incidence of ramp lesions was observed among patients with chronic ACL ruptures as compared with acute ACL ruptures (26% vs 21.6%, P = .0037). Specifically, there was a significant increase in the incidence of ramp lesions in the groups with greater chronicity for all time intervals studied, up to 60 months (Table 3) . Regression analysis demonstrated the correlation between time since injury and the increasing incidence of ramp lesions ( Figure 5 ).
Secondary Meniscectomy Rate With a Minimum of 2 Years of Follow-up
Of those patients who underwent ramp repair, 465 had a minimum postoperative follow-up of 2 years and were This subgroup of 416 patients was further divided into 2 groups: isolated ACLR (n = 225) and ACLR 1 ALLR (n = 191) ( Table 4 ). Figure 6 shows the cumulative survivorship of medial meniscus repairs derived from Kaplan-Meier analysis, with reoperation for medial meniscectomy as an endpoint. At the 24-and 48-month follow-ups, rates of failure of ramp repair were significantly lower for patients who underwent combined ACLR 1 ALLR versus those who underwent isolated ACLR (P = .0178). Patients who underwent ACLR 1 ALLR had a .2-fold reduction in the risk of reoperation for failure of ramp repair as compared with patients who underwent isolated ACLR (hazard ratio, 0.457; 95% CI, 0.226-0.864; P = .021).
DISCUSSION
A key finding of this study was that the incidence of ramp lesions was 23.9% for ACL-deficient knees. Previous authors reported rates of diagnosis between 9% and 30%, 6, 10, 11, 15, 20, 36 but it is unclear how reliably these data can be used to estimate the true incidence of ramp lesions, given that the majority of studies included a small number of patients. Bollen 6 reported a rate of 9.3%, after arthroscopic examination, in a prospective series of 183 ACLRs. Di Vico et al 11 reported a rate of 9.6% in a series of 115 patients who underwent ACLR. Liu et al 20 reported an incidence of 16.6% in a series of 868 patients with ACL injury, and more recently, Seil et al 36 reported 24% for 224 patients. These variations in incidence may be related to the diagnostic techniques used. Specifically, preoperative examination of knee laxity under anesthesia was shown to be ineffective at predicting the presence of ramp lesions. 50 Imaging is also unreliable, and a number of studies reported difficulty identifying these lesions with MRI, which has a high specificity but a moderate sensitivity, leading to an underestimation of the true incidence. 3, 6, 10, 15, 20, 37 For example, Bollen 6 reported that preoperative MRI failed to detect a single ramp lesion in a group of 11 knees with arthroscopically confirmed lesions.
In the current study, a systematic evaluation of the posteromedial compartment was undertaken in all 3214 knees. This is an important point in consideration of the incidence data because, as reported in a previous series, many ramp lesions (approximately 17%) were identified only after probing of the tear through a posteromedial portal in conjunction with minimal debridement of the superficial soft tissue layer. 40 These hidden lesions are highly likely to be missed if arthroscopic examination is conducted only through standard anterior portals.
The other major findings of this study relate to the evaluation of risk factors associated with ramp lesions. This study confirms previous findings from other authors reporting that male sex, younger age (\30 years), a concomitant lateral meniscal lesion, and chronicity are significantly associated with ramp lesions. 20, 36 However, the findings of the current study, based on multivariate analysis, disputed the previous work by Seil et al, 36 which suggested that contact sport injuries were an important risk factor for ramp lesions. It could be the case that the discrepancy between studies is a result of the difference in sample sizes.
In any case, a number of risk factors should be emphasized because they were demonstrated to be of significance by several authors. This increases the confidence in the strength of evidence and highlights the need for posteromedial compartment evaluation for patients with these characteristics. Delay between injury and ACLR is significantly associated with an increasing incidence of ramp lesions over time. et al 20 showed that with increased time delay between ACL injury and surgery, the incidence of ramp lesions increased up until 24 months. Church and Keating 9 found an increased number of all types of meniscal lesions after 12 months, recommending early ACLR to avoid these injuries. Other series also found an association between medial meniscal tears and increased time to surgery. 9, 17, 28, 46 Sex and age are also important risk factors identified by numerous authors. In the current study, male sex was associated with a significantly higher incidence of ramp lesions (27%) as compared with female gender (19%). Liu et al 20 similarly observed a significantly increased rate among male patients (18.56%) versus female patients (11.97%). Seil et al 36 reported an increased rate of 27% .002 [12, 24] vs [6, 12] 0.965 0.64-1.442 [3, 6] vs [6, 12] 0.979 0.733-1.312 [12, 24] vs [3, 6] 0.985 0.671-1.43 [12, 24] Three months after injury was defined as a time between acute anterior cruciate ligament rupture and chronic injury. for males versus 17% for females, although this difference did not reach significance owing to a small sample size. The current study also demonstrated a significantly higher incidence of ramp lesions among patients aged \30 years. Similar results were found in previously published data. Although Malatray et al 23 reported that the prevalence of ACL-associated ramp lesions among children and adolescents is similar to that of adult populations, Liu et al 20 reported that those aged \30 years had a significantly higher incidence of ramp lesions.
The current study identified several new significant risk factors, including revision ACLR. This finding may be explained by a failure to repair a ramp lesion at the first surgical procedure or by chronic residual laxity after ACLR leading to a new lesion. Similarly, a preoperative anteroposterior side-to-side laxity difference .6 mm was found to be an important newly recognized association. However, it is unclear whether this excessive laxity may predispose to ramp lesions or is simply a reflection of the role of the medial meniscus as a secondary restraint to anterior laxity of the knee, 1 with the abnormality being a consequence of a ramp lesion rather than the cause. Another explanation may be that a high-energy mechanism of injury is often involved in ramp lesions. 5 Other risk factors previously reported in the literature but not evaluated in the present study were a complete versus partial rupture 36 and a higher medial tibial slope. 39 The importance of clearly defining risk factors lies in aiding surgeons to hold an appropriate index of suspicion for ramp lesions, prompting them to perform a posteromedial compartment evaluation and identifying and repairing injuries to restore knee stability. When ramp lesions are overlooked in ACLR, anterior and rotatory instability persists, 1, 24, 43 but meniscocapsular repair has been demonstrated to restore normal knee biomechanics. 1, 43 If ramp repair is to be advocated for a large proportion of patients undergoing ACLR, it is important to understand the secondary meniscectomy rate. In this study, it was 10.8% at a mean follow-up of 45.6 months. These results are in keeping with previous reports. 16, 48 However, a new finding is that the secondary meniscectomy rate after ramp repair was significantly lower after combined ACLR 1 ALLR as compared with isolated ACLR (P = .0178). The combined procedure was associated with a .2-fold reduction in the failure rate of ramp repair (P = .021). This supports the results of a previous study that showed the protective effect of ALLR on medial meniscal repairs. 42 Meniscal healing after repair remains a topical issue. 27 In 1983, Hamberg et al 14 Some authors have suggested that not all ramp lesions need repair. 12, 38, 50 Liu et al 21 reported that stable ramp lesions can be treated with abrasion and trephination alone, with results equivalent to repair. Unfortunately, these studies are limited by relatively small sample sizes and do not present conclusions about the optimal treatment. In a systematic review, Pujol and Beaufils 31 evaluated 10 studies in which meniscal tears were left in situ during ACLR. Tears were generally left if they were deemed stable on arthroscopic probing or were \10 mm. With the endpoint of significant pain or meniscectomy at follow-up, medial meniscal tears left in situ failed in 10% to 66% of the cases (mean, 14.8%). The authors concluded that repair of stable peripheral tears should always be performed to decrease the risk of postoperative pain or subsequent meniscectomy. In our practice, we therefore aim to repair all ramp lesions. If the surgeon is already creating a posteromedial portal to perform abrasion and trephination, a meniscal repair through the same portal is relatively easily performed with minimal additional risk.
Limitations
The limitations of a retrospective study design are well recognized. Despite that, this methodology has advantages, particularly allowing a large sample size, which is a limitation of previous studies. This study did not include an assessment of functional outcomes or a comparison with a control group-for example, patients undergoing nonoperative treatment of ramp lesions or tear debridement without repair. In addition, the study methodology did not include routine second-look arthroscopy, MRI, or clinical functional evaluation of all patients at final follow-up. This may have resulted in missed diagnoses of ramp lesions and failed ramp repair. However, routine second-look arthroscopy is now rarely reported in the literature, given the unnecessary risk to the patient and the evidence that arthroscopic findings often do not correlate with patient symptoms. 4, 45 Furthermore, performing routine follow-up MRI for the entire series of patients to evaluate the healing of the meniscus was not economically or technically feasible in such a large population. However, all patients were contacted by telephone at final follow-up, and those who had symptoms were recalled for these investigations and assessment. Failure of a ramp lesion repair was instead based on the hard endpoint of patients who underwent subsequent reoperation of the posterior horn of the medial meniscus. Previous studies defined failure of meniscal repair by the presence of osteoarthritis, abnormal MRI findings, clinical symptoms, or subsequent meniscal surgery. 26, 27, 49 Another limitation is that we have not reported on the possible etiology or size of ramp lesions that underwent repair and then secondary partial meniscectomy. Although it would have been interesting to study this, the relevant data were not recorded or available because of the retrospective study design. A further study limitation is that the results of this study cannot be extrapolated to patients with ACL injury who undergo nonoperative treatment, as they were not evaluated arthroscopically.
CONCLUSION
There is a high incidence of ramp lesions among patients undergoing ACLR. The identification of important risk factors for ramp lesions should help raise an appropriate index of suspicion and prompt posteromedial compartment evaluation.
The overall secondary partial meniscectomy rate after ramp repair is 10.8%. Anterolateral ligament reconstruction appears to confer a protective effect on the ramp repair performed at the time of ACLR and results in a significant reduction in secondary meniscectomy rates.
